Europaisches 
Patentamt 



European 
Patent Office 



Office europeen 
des brevets 



Bescheinigung Certificate Attestation 



Die angehefteten Unter la- 
gen stimmen mit der 
ursprunglich eingereichten 
Fassung der auf dem nac hi- 
st en Blatt bezeichneten 
europaischen Patentanmel- 
dung uberein. 



The attached documents 
are exact copies of the 
European patent application 
described on the following 
page, as originally filed. 



Les documents fixes a 
cette attestation sont 
conformes a la version 
initialement deposee de 
la demande de brevet 
europeen specifiee a la 
page suivante. 



Patentanmeldung Nr. Patent application No. Demande de brevet n° 

00830343.0 



Der President des Europaischen Patentamts; 
Im Auftrag 

For the President of the European Patent Office 

Le President de I'Office europeen des brevets 
p.o. 

I.L.C. HATTEN-HECKMAN 



DEN HAAG.DEN 

THE HAGUE, 04/05/01 

LA HA YE , LE 

EPA/EPO/OEB Form 1014 - 02.91 



THIS PAGE BLANK (USPTO) 



Europaisches 
Patentamt 



European 
Patent Office 



Office europeen 
des brevets 



Blatt 2 der Bescheinigung 
Sheet 2 of the certificate 
Page 2 de r attestation 



Anmeldung Nr. 
Application no. 
Demande n': 



00830343.0 



Anmeldetag: 
Date of filing: 
Date <Je depot: 



12/05/00 



Anmelder 



Applicant(s): 
Demandeur(s): 

STM1croelectron1cs S.r.l. 
20041 Agrate Brlanza (Mllano) 
ITALY 



Bezeichnung der Erfindung: 
Title of the invention: 
Titre de I'invention: 
Equaliser 



In Anspruch genommene Prioriat(en) / Priority(ies) claimed / Priorite(s) revendiquee(s) 

Staat: Tag: Aktenzeichen: 

State: Date: File no. 

Pays: Date: Numero de depot: 



Internationale Patentklassifikation: 
International Patent classification: 
Classification international des brevets: 



Am Anmeldetag benannte Vertragstaaten: 

Contracting states designated at date of filing: AT/BE/CH/CY/DE/DK/ES/FI/FR/GB/GR/IE/IT/LI/LU/MC/NLyPT/SE/TR 
Etats contractants designes lors du depot: 

Bemerkungen: 
Remarks: 
Re marques: 



EPA/EPO/OEB Form 1012 -1100 



H04B3/14, H03H11/04 



THIS PAGE BLANK (uspto) 



- 1 - 



"Equaliser". 
* * * * * 

DESCRIPTION 

The present invention refers to a method to equalise signals transmitted 
5 on a line as well as an equaliser filter realised in CMOS technology and 

besides an integrated circuit comprising an equaliser circuit. 

In high speed line communications, for instance in the case of data 
transmission of SDH equipments, the only filtration of the received signal is 
not sufficient to recover the data with a small error rate. An equaliser circuit 

10 is therefore necessary to compensate the line loss and improve the 

intersymbol interferences of the datum to recover. As known the line 
dispersion losses are linearly proportional to the length of the line and 
besides they are proportional to the square root of the frequency of 
transmission. The equaliser must therefore have a frequency response 

15 inversely proportional to that of the line. Particularly it is necessary an 

adaptive equaliser able to deal with variable lengths of line without altering 
signifyingly the intersymbol interferences. 

Object of the present invention is that to realise an equaliser able to 
compensate the line attenuations in a simple and effective way. 

20 In accordance with the present invention, such an object is reached by 

means of a method to equalise signals transmitted on a line comprising the 
following phases: applying an analogical adaptive filter in series to said line, 
having a working frequency band and having at least one pole and at least 
one zero the position of which in said working frequency band is variable in 

25 response to the attenuation of said line; applying a retroaction circuit to the 

output of said filter able to vary the position of said at least one pole and at 
least one zero; characterised by setting said at least one pole and at least one 
zero in correspondence to a prefixed frequency of said working frequency 
band; moving the position of said at least one pole toward the high 

30 frequencies at the increasing of said attenuation of said line; moving the 
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position of said at least one zero toward the low frequencies at the increasing 
of said attenuation of said line. 

Such object is also reached by means of an equaliser circuit of signals 
transmitted on a line having an attenuation comprising: an analogical 
adaptive filter applied in series to said line comprising at least two 
transconductance filters having a bias current each and to which it is 
associated at least one pole and at least one zero the position in frequency of 
which in the working band is variable in response to said bias current; a 
retroaction circuit applied to the output of said filter able to vary said bias 
current; said bias current varies at the varying of said attenuation of said 
line; characterised in that said at least two transconductance filters have said 
bias current of prefixed value; said bias current is made to vary at the 
increasing of said attenuation so that said at least one pole is moved toward 
the high frequencies; said bias current is made to vary at the increasing of 
said attenuation so that said at least a zero is moved toward the low 
frequencies. 

Such an object is further on reached by means of an integrated circuit of 
CMOS type comprising an equaliser filter of signals transmitted on a line in 
accordance to what said above. 

Thanks to the present invention it is possible to realise a linear equaliser 
that does not require of any external regulation. It results to be very simple 
as the retroaction loop checks only the output voltage. Besides realising it 
completely in CMOS technology it is possible to integrate it with other 
circuits on a single chip. 

The characteristics and the advantages of the present invention will 
result evident from the following detailed description of one of its 
embodiment, illustrated as example not limitative in the joined sketches, in 
which: 

the figure 1 shows a blocks scheme of the equaliser in accordance to the 
present invention; 
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the figure 2a shows a schematic circuit of an example of a 
transconductance filter and the figure 2b its Bode diagram; 

the figure 3 shows a schematic circuit of an example of a circuit 4 that 
provides an indication of the variation of the line attenuation; 
5 the figure 4 shows a schematic circuit of an example of the circuit of 

charge pump 5; 

the figure 5 shows a schematic circuit of an example of a variable bias 
generator 7; 

the figure 6 shows a diagram that shows the course of the voltage to the 
10 terminal of the capacitor 6 and the course of the control current of the 

adaptive filter 1 ; - 

the figure 7 shows a diagram that shows the positioning and the 
variations of the poles/zeros in the frequencies plane; 

the figure 8 shows a diagram that shows the course of the transfer 
15 function of the filter 1 in the frequency at the varying of the line attenuation; 

the figure 9 shows a schematic circuit of a bias generator 8 dependent 
on the process. 

A block scheme of an equaliser in accordance to the present invention, 
shown in figure 1, comprises an input signal 10, coming from a line, applied 

20 to an adaptive filter 1 which provides an output 1 1 . The signal at the output 

of the adaptive filter 1 is applied to a comparator 3 that compares this signal 
1 1 with a reference voltage 13. At the output of the comparator 3 there is a 
filter 14 composed of a first circuit 4 that provides an indication of the 
variation of the line attenuation, connected to a charge pump 5 which in turn 

25 is connected to a capacitor 6. The circuit 4 is sampled by a working 

frequency 15. The voltage at the terminals of the capacitor 6 is applied to a 
variable bias generator 7. To the generator 7 are applied, preferably, also the 
signals Prl-Prm coming from a bias generator 8 dependent on the process. 
The signals Pel -Pen in output from the generator 7 are applied to the 

30 adaptive filter 1 . 
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The filter 1 comprises preferably adaptive filters of the 
transconductance type with biquadratic cells, for instance in figure 2a is 
drawn the block scheme of a transconductance filter having one pole which 
has an input 20 and it comprises a first stage 21 having transconductance 
Gm, and a second stage 22 having transconductance GmD, an output 23. 
Between the first stage 21 and the second stage is connected a capacitor C. 
To the first stage 21 is connected a terminal Pel and to the second stage 22 
is connected a terminal Pc2, which receives the bias current. The bias 
current Pc2 makes vary the GmD transconductance of the circuit which 
makes vary the position of the pole in frequency in the working band 
accordingly. In fact it could be seen from the figure2b, where it is 
represented the Bode diagram of the circuit of figure 2a, that the position of 
the pole in frequency is given by the division GmD/C and the point in which 
the gain module is equal to 1 it is equal to Gm/C. Therefore making the bias 
current Pc2 to vary, varies the value of GmD and therefore the pole 
frequency position. The bias current Pel makes vary the Gm 
transconductance of the circuit which, if it is made to vary in a separate way 
as regards the current Pc2, it makes vary the continuous gain accordingly, 
which as it could be seen in the figure 2b it is equal to Gm/GmD. If the bias 
current Pel and Pc2 have been made to vary of the same quantity the pole 
position moves but the continuous gain does not vary. 

To each filter of this type could be associated either one pole or one 
zero in accordance to the particular type of circuit. To be able to make vary 
the position of each pole and of each zero it is necessary a bias current for 
each of them and a current to make vary (increase) the continuous gain of a 
prefixed value. In an example of realisation of the present invention, the 
filter 1 comprises two biquadratic filters and one at a single stage, for a total 
of 5 poles and of 5 zeros. Such types of filters are well known by the skilled 
in the art, and they are not furtherly described, an example of such filters 
could be found in the article of F. Rezzi, I. Bietti, M. Cazzaniga and R. 
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Castello by the title "A 70 mW seventh order filter with 7-50 MHz cut-off 
frequency and programmable boost and group delay equalization" published 
in the IEEE Journal of solid state circuits, vol. 32, No. 12, December 1997. 
The signals Pel -Pen correspond to the bias current (variable at the 
5 varying of the line attenuation) of the trans conductance filters; preferably 

these bias currents are compensated by the Prl-Prm signals that correspond 
to the currents supplied by the bias generator 8 which depend on the thermal 
and constructive variations of the device. 

A schematic circuit of an example of a circuit 4 that supplies an 

10 indication of the variation of the line attenuation, shown in figure 3, 

comprises a first bistabile circuit 3 1 of D type and a second bistabile circuit 
32 of D type. The output of the comparator 3 is applied to a terminal 35 of 
the first bistabile circuit 3 1 which corresponds to the reset input R of the 
circuit and also to an input of a NOR circuit 33, the output Q of which is 

1 5 connected to the input D of the bistabile 3 1 . The output Q of the bistabile 3 1 

is applied the input D of the second bistabile circuit 32, the output Q of 
which is applied to the output terminal 36. The output Q of the bistabile 31 
is also applied to the second input of the NOR circuit 33. A clock signal is 
applied to the teiminal 15 that it is connected to the clock input of the 

20 bistabile 32 and it is also connected to the clock input of the bistabile 31 

through an inverter circuit 34. 

A schematic circuit of an example of the charge pump circuit 5, shown 
in figure 4, comprises a first transistor 41 with p channel and a second 
transistor 42 with n channel having the gates connected together in order to 

25 form an input terminal 36 (connected to the output of the circuit 4), the 

source of the transistor 41 is connected to the supply voltage, the transistor 
source 42 is connected to ground, the drain of the transistor 42 is connected 
to the drain of the transistor 41 and they are connected to a terminal 44 of 
the capacitor 6, the other terminal of the capacitor 6 is set to ground. If the 

30 input signal 36 of the charge pump circuit 5 is at high level, the capacitor 6 
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discharge itself, if the signal is at a low level the capacitor 6 charge itself. 

The whole of the circuits 4, 5 and 6 constitute the filter 14 that 
integrates the signal in output from the comparator 3 and it provides in 
output a signal proportional to the course of the line attenuation that is used 
to predispose the bias and control current Pel -Pen of the filter 1. 

Particularly the circuit 4, drawn in figure 3 provides in output a signal 
for instance of high level if the signal in output from the comparator 3 is 
remained high for at least one clock cycle of the working frequency 15. 
Varying the working frequency 15 it is possible to vary the reaction times of 
the circuit at the varying of the line attenuation. The charge pump 5, charges 
and discharges the capacitor 6 so that to its terminals it is present a voltage 
proportional to the value of line attenuation opportunely filtered. A 
schematic circuit of an example of a variable bias generator 7, shown in 
figure 5, comprises a terminal 44 to which it has been applied the voltage 
present on the capacitor 6, connected to the gate of a transistor 45 with n 
channel, the source is connected to ground and the drain is connected to a 
branch of a first current mirror 46 which is connected to the supply voltage 
Vcc through a transistor 47 with p channel. The other branch of the current 
mirror 46 is connected to a branch of a second current mirror 48, in the other 
20 branch of the mirror 48 flows a current Icl and corresponds to the terminal 

Pel. The drain of the transistor 45 is connected also to the source of the 
transistor 49 with p channel. The drain of the transistor 49 is connected to a 
branch of a third current mirror 50 which is connected directly to the supply 
voltage Vcc. The other branch of the current mirror 50 is connected to a 
25 branch of a fourth current mirror 5 1 , in the other branch of the mirror 5 1 

flows a current Ic2 and corresponds to the terminal Pc2. The gate of the 
transistor 49 is connected to the drain of a transistor 53 having the source 
connected to ground and the gate applied the terminal Prl. The gate of the 
transistor 49 is also connected to the transistor 52 with p channel connected 
30 like a diode and applied to the supply voltage Vcc that forms a current 
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mirror together with the transistor 47 the two gates of which are connected 
together. 

In figure 5, only for representation simplicity have been drawn only the 
circuits that provide current to the 2 terminal Pel and Pc2 of the filter 1 
depending on the value of the input Vc of the capacitor 6 and of the input 
Prl coming from the bias generator 8. Also in this case it has been 
considered for representation simplicity only one terminal of the plurality of 
the terminals Prl-Prm. 

The variable bias generator 7 must provide the bias currents by the 
terminals Pel -Pen to the various transconductance filters present in the filter 
1. Such bias currents must be placed at quiescent (Vc= 0), for instance 
placed for a line having length equal to 0 and they therefore must vary at the 
varying of the line attenuation. The generator 7 receives in input the Vc 
signal from the capacitor 6 and it is able to absorb the current Icl (from the 
terminal Pel), which starting from Vc equal to null, linearly increases at the 
increasing of Vc, up to reach a limit of current equal to Ip/2, where Ip is the 
flowing current in the transistor 53, after that it begins to increase linearly 
the current Ic2, (up to to a possible circuital limit). The current Ip could be 
generated by a fixed generator Ip but, the equaliser circuit comprises besides 
preferably the bias generator 8 which provides a bias current able to 
compensate the thermal and constructive variations of the equaliser. For 
instance at the increasing of the temperature the current Ip increases 
according to the variation of the bias present on the terminal Prl. 

In figure 6 could be seen the waveforms of some signals of the circuit of 
figure 5. Particularly it is possible to see the exponential relationship 
between the input voltage Vc applied to the terminal 44 of the transistor 45 
and its relative drain current Ic. Moreover it is possible to see the course of 
the current Icl and Ic2 flowing respectively in the mirrors 48 and 5 1 and 
correspondent to the bias and control current present on the terminals Pc 1 
andPc2. 



As already said it has been represented for simplicity a reduced circuit 
able to provide only two currents to the terminals Pel and Pc2. It is however 
to imagine a series of currents one for each pole and one for each zero 
present in the filter 1 and besides the current or preferably the currents 
necessary to increase the continuous gain. The currents relative to each 
couple of poles/ zeros, positioned in frequency in the same place, will have a 
similar course as, better explained further on, they will have to move 
simultaneously, after that the couple of poles/zeros placed immediately at a 
smaller frequency will move. 

The figure 7 shows a diagram that shows the positioning of the 
poles/zeros in the frequencies plane, particularly it is possible to note the 
uniform spacing between the couples of poles/zeros along a logarithmic 
frequency axle inside the band B of the working frequencies of the filter. 
Besides it is possible to note the displacement direction that the poles and 
the zeros effect at the varying (at the increasing) of the line attenuation, in 
response of the variations of the bias current to the terminals Pel -Pen. 
Particularly the poles move toward the high frequency and the zeros move 
toward the low frequency. Besides the couples of poles/zeros move in 
succession (in the indicated direction) beginning from the identifying 
number 71 up to the number 75, finally it is increased the filter continuous 
gain making the opportune bias currents vary. In practice first moves the 
pole and the zero of the couple 71 placed at high frequency inside the 
working band, therefore in succession moves the pole and the zero of the 
couple 72 placed to a lower frequency as regards the couple 71 that has been 
moved previously up to the movement of the couple 75 placed at a lower 
frequency. Therefore, when all the couples have moved it is increased the 
continuous gain. All the displacement above reported are effected in 
consequence of the variations of the bias and control current present on the 
terminals Pel -Pen. 

In figure 8 is shown a diagram of the transfer function of the filter 1 in 
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function of the frequency at the varying of the line attenuation, the arrow 
points out as varies the transfer function at the increasing of the line 
attenuation. At the moving of the couples of poles/zeros above mentioned it 
is possible to see in figure 8 the variation of the transfer function and 
particularly it is possible to see that only at the end the continuous gain is 
varied. 

A schematic circuit of an example of a bias generator 8 dependent from 
the process, shown in figure 9, comprises a plurality of transistors 61 and 62 
with n channel having the source connected to ground, the drains 
respectively connected to the terminals Prl -Prm, and the gate connected 
together and connected to a node at which terminals are connected a gate of 
a transistor 63, a terminal of a generator of current Iref 67 and a branch of a 
first current mirror 68. The source of the transistor 63 is connected to ground 
and the drain is connected to the source of a differential couple formed by 
the transistors 64 and 65 with channel n which gates are respectively 
connected to two reference voltages Vrefl and Vref2, with Vref2>Vrefl, 
and the drains are connected to a second current mirror 66 connected to the 
power supply Vcc. The drain of the transistor 64 is also connected to a 
branch of the mirror 68. This circuit generates currents able to compensate 
the variations in temperature, of the supply voltage and of the dispersions of 
the characteristics (from device to device) due to the construction process. 

In accordance to the present invention it is possible to realise a device 
in CMOS technology at low cost with the possibility of being integrated 
with other circuits on the same chip where external circuits are not required. 
Besides a good equalizzation with a reduced number of poles and zeros is 
obtained, in fact with 5 poles and 5 zeros and an equalisation band of 260 
MHz it is possible to equalize signals transmitted on a line of length of about 
350 m. 
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CLAIMS 

1 . Method to equalise signals transmitted on a line comprising the 
following phases: applying an analogical adaptive filter in series to said line, 
having a working frequency band and having at least one pole and at least 
one zero the position of which in said working frequency band is variable in 
response to the attenuation of said line; applying a retroaction circuit to the 
output of said filter able to vary the position of said at least one pole and at 
least one zero; characterised by setting said at least one pole and at least one 
zero in correspondence to a prefixed frequency of said working frequency 
band; moving the position of said at least one pole toward the high 
frequencies at the increasing of said attenuation of said line; moving the 
position of said at least one zero toward the low frequencies at the increasing 
of said attenuation of said line. 

2. Method in accordance to the claim 1 characterized by positioning a 
first couple of poles/zeros of said analogical adaptive filter to a first prefixed 
frequency in said working frequency band; 

positioning a second couple of poles/zeros of said analogical adaptive 
filter to a second prefixed frequency in said working frequency band; 

said first prefixed frequency is greater than said second prefixed 
frequency; 

spacing said first and second prefixed frequency in a logarithmic way in 
said working frequency band; 

moving the poles of said first and second couple of poles/zeros toward 
the high frequencies at the increasing of said attenuation of said line; 

moving the zero of said first and second couple of poles/zeros toward 
the low frequencies to the increasing of said attenuation of said line. 

3. Method in accordance to the claim 2 characterized by moving the 
position of the first couple of pole/zero and therefore in succession the 
position of the second couple of pole/zero at the increasing of said 
attenuation of said line. 
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4. Method in accordance to the claim 1 characterized in that said at least 
one pole and at least a zero are placed in the frequencies plane in 
correspondence of said prefixed frequency in order to equalize the 
attenuation of said line when said line has null attenuation. 

5 . Method in accordance to the claim 1 characterized in that said at least 
one pole and said at least a zero are moved of the 30% compared to the 
initial position. 

6. Method in accordance to the claim 1 characterized in that at the 
increasing of said attenuation of said line after the moving phases of the 
position of said at least one pole and of said at least a zero comprises the 
phase of increasing the continuous gain of said adaptive filter. 

7. Method in accordance to the claim 1 characterized in that said 
retroaction circuit includes a compensation circuit of the thermal and 
constructive variations of said equalizer. 

8. Equaliser circuit of signals transmitted on a line having an attenuation 
comprising: an analogical adaptive filter (1) applied in series to said line 
comprising at least two transconductance filters having a bias current (Pcl- 
Pcn) each and to which it is associated at least one pole and at least one zero 
the position in frequency of which in the working band (B) is variable in 
response to said bias current (Pel-Pen); a retroaction circuit (3, 4, 5, 6, 7) 
applied to the output of said filter (1) able to vary said bias current (Pcl- 
Pcn); said bias current (Pel -Pen) varies at the varying of said attenuation of 
said line; characterised in that said at least two transconductance filters have 
said bias current of prefixed value; said bias current is made to vary at the 
increasing of said attenuation so that said at least one pole is moved toward 
the high frequencies; said bias current is made to vary at the increasing of 
said attenuation so that said at least a zero is moved toward the low 
frequencies. 

9. Equalizer filter in accordance to the claim 8 characterized in that said 
adaptative analogical filter (1) includes four transconduttance filters having 
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at least a bias current each and to which are associated two couples of poles 
and of zeros the position of which in frequency in the working band (B) is 
variable in response to said bias current; 

said two couples of poles/zeros are placed having a logarithmic spacing 
5 in said working frequency band (B); 

said bias current is made to vary so that said poles are moved toward the 
high frequencies at the increasing of said attenuation of said line; 

said bias current is made to vary so that said zeros are moved toward the 
low frequencies at the increasing of said attenuation of said line. 
10 10. Equalizer filter in accordance to the claim 8 characterized by 

comprising a bias generating circuit (8) able to modify said bias current in 
response to the temperature variations. 

1 1 . Equalizer filter in accordance to the claim 8 characterized in that it 
has been realized in CMOS technology. 
15 12. Integrated circuit of CMOS type comprising an equalizer circuit of 

signals transmitted on a line in accordance to the claim 8. 
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"Equaliser". 
* * * * * 

ABSTRACT 

The present invention refers to a method and to an equalizer circuit of 
5 signals transmitted on a line. In an embodiment the equaliser circuit of 

signals transmitted on a line having an attenuation comprising: an analogical 
adaptive filter (1) applied in series to said line comprises at least two 
transconductance filters having a bias current (Pel-Pen) each and to which it 
is associated at least one pole and at least one zero the position in frequency 

1 0 of which in the working band (B) is variable in response to said bias current 

(Pel -Pen); a retroaction circuit (3, 4, 5, 6, 7) applied to the output of said 
filter (1) able to vary said bias current (Pel -Pen); said bias current (Pel -Pen) 
varies at the varying of said attenuation of said line; characterised in that 
said at least two transconductance filters have said bias current of prefixed 

1 5 value; said bias current is made to vary at the increasing of said attenuation 

so that said at least one pole is moved toward the high frequencies; said bias 
current is made to vary at the increasing of said attenuation so that said at 
least a zero is moved toward the low frequencies. (Figure 1). 
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